The liquefaction of gelatin is generally recognized and employed as a fundamental criterion for the differentiation of bacterial species. Unfortunately the methods in vogue for observing this property are crude and unreliable. Usually nutrient gelatin is inoculated by stabbing, kept at a temperature below its gelation point, and compared with controls to detect any liquefaction. Measurement of the rate of liquefaction is sometimes attempted by inoculating the entire surface of a tube of gelatin and recording the depth of liquid formed, after different periods of storage, but comparable results are rarely obtained.
We feel that further observations on viscosity changes are much needed and would be very instructive. It will be shown in this paper that in autoclaved gelatin, stored at 220C., the viscosity may change but little for two or three days, after which it increases markedly for at least a week or ten days. Obviously a gelatinolytic organism may bring about liquefaction quite rapidly when inoculated into freshly prepared gelatin, and much more slowly if introduced into the same medium ten days or two weeks later, for in the latter instance more of the gel form must be transformed to the sol state to make liquefaction evident. Some method which could be employed over a wide range of temperature for measuring the rate of liquefaction of gelatin by bacteria is sorely needed.
In this preliminary paper are recorded some observations on the change in viscosity and formol (S6renson) This was heated at 60 to 650C. till dissolved, then further heated in a double boiler for 15 minutes, the reaction adjusted to pH 8.0, loss due to evaporation made up, and heated an additional 15 minutes, then filtered through cotton and flannel, tubed (25 cc. quantities) and sterilized at 15 pounds for fifteen minutes. The medium was allowed to cool at room temperature and the following day (twenty-four hours) inoculations were made. The inoculum consisted of 1 cc. of a twenty-four-hour broth culture of the test organism and incubation wasat 220C. Control tubes were inoculated with 1 cc. of sterile broth.
Peptone water (0.1 per cent) was similarly inoculated to afford a correction for the peptone in the gelatin medium. Each organism was inoculated into 5 tubes gelatin and peptone water and at stated intervals one tube of each medium was removed from the incubator and examined.
Viscosity measurements were made at 25.6°C. by observing the time of discharge of a given volume in an Ostwald viscosimeter. In the following table the viscosity is expressed in terms of water, at the same temperature, as unity. The time of flow for water was 88.5 seconds.
Formol titrations were carried out in the following manner: To 20 cc. of distilled water in an evaporating dish were added 5 cc. of gelatin (or peptone) medium and the reaction adjusted 3. Gelatin more completely hydrolized, and liquefied. Subsequent decomposition, rapid; accompanied by marked increase in formol titration.
As an example of the non liquefying type we have organism 2019. The relative viscosity of the medium (0.1 per cent peptone -3.5 per cent gelatin) increased from 5.38 to 9.38 in five days, to 13.60 after seven days incubation, and after twelve days the gelatin was solidified. There was a slight rise in formol titration, but after correcting for the peptone, the increase, which may be ascribed to the gelatin proper, became a negative quantity. This is due probably to the fact that in peptone water the organism grew throughout the medium whereas in the peptonegelatin medium growth was restricted to the upper layers.
Organisms 2011, 2053 and 2060 are representative of the second type. There is a. distinct drop in the viscosity twenty-four hours after inoculation (from 5.38 to 3.51, 4.08 and 2.62 respectively) with practically no increase in the formol titration. On further incubation the viscosity continues to decrease and the formol titration rises slowly. With organisms 1021, 1059 and 1045, the change in viscosity is much more marked falling to 1.86, 1.49 and 1.54 respectively in twenty-four hours. The rise in the formol titration is relatively rapid, the increase in one day being as great as was observed in five to seven days among the strains of the previously described liquefying group.
The results are quite in accord with the statement of Berman and Rettger (1918) that "the power of an organism to liquefy gelatin is not necessarily accompanied by the ability to decompose the gelatin and seize upon it as food."
To ascertain whether the liquefaction is independent of the presence of living microorganisms, the following experiment was carried out. Eight tubes of the above batch of peptone-gelatin which had solidified were heated for thirty minutes at 55°C. to convert to the sol form, and then cooled to 220C. There was no evidence at any time of growth in the phenolated medium. The liquefaction was therefore due to the presence of enzymes, secreted by the microorganisms in question. Considering the formol titration it is clearly evident that in the absence of bacterial growth (phenolated gelatin) there was practically no increase, whereas the increase was very considerable in the non phenolated tube. These results are in accord with those obtained by Kendall and his associates (1922) on studies with Proteus. They observed that liquefaction of gelatin by the bacteria-free enzyme was accompanied by a slisght increase in ammonia and amino acids (formol titration), whereas in the presence of the viable bacteria, the ammonia content rose very markedly.
The slight increase in the formol titration observed in our experiments with phenolated gelatin is taken to represent the increase in ammonia and amino acids accompanying the enzymic
